INTRODUCTION
The Nida Basin location, gypsum rock characteristics and landscape values
The Nida Basin (in Polish: Niecka Nidziañska) is a vast depression in the Ma³opolska Upland located between the OEwiêtokrzyskie Mountains and the Kraków-Czêstochowa Upland (Southern Poland), situated at an altitude of 200-300 m a.s.l. The Nida Basin is a Jurassic syncline filled with the upper Cretaceous marls, on which a warm, shallow sea appeared in the Tortonian age (Miocene) leaving a series of evaporation deposits (Rutkowski 1986 ). The chemical sedimentation cycle started with the precipitation of gypsum, as the least soluble, and ended with the precipitation of the most soluble potassium, sodium and magnesium salts. In the northern part of the gypsum sedimentation basin, a change of sulphate to carbonate faction occurred, manifested as lithothamnium limestone laterally contacting with gypsum rocks (Kwiatkowski 1972a (Kwiatkowski , 1972b . Other Miocene sediments remaining after the sea regression are sandy loams, clays and marls. In the Pleistocene period, the Nida Basin was enveloped by Sanian glaciation only (Marks 2005) , which resulted in terrain coverage with glacial sands, loams, loess and alluvial sediments. The Nida Basin has been to a large degree free of a glacial cover during the further Pleistocene glaciations mainly due to its higher location compared to the central Polish lowlands. Therefore a characteristic landscape feature are the semi spherical hills with a gypsum core on the left bank of the Nida river. This landscape associated with gypsum outcrops can be observed in many places mainly around the towns Wioelica, Busko Zdrój, and Piñczów. Also, the gypsum landscape is characterized by the gypsum karst phenomena, which is unique for Poland (e.g. in the vicinity of Skorocice village) (Flis 1954) .
Gypsum deposits have a regular and uniform character. A layer of large crystalline gypsum (socalled selenite) with crystals up to 3 m long, set vertically and with characteristic 'swallow tails' forms the basement. The overlying layer is a gypsum breccia, consisting of chaotically arranged selenite crystals with spaces containing marl-gypsum infilling. Moreover, an alabaster (compact gypsum) and shale gypsum occur in the uppermost layer of the gypsum deposits. Each of the gypsum forms appears on the land surface as a geological substratum for the soil formation (Kwiatkowski 1972b , Rutkowski 1986 , B¹bel 1987 , Kasprzyk 1988 . Apart from gypsum, the main components of gypsum rock include calcite, clay minerals (about 4% of each) and quartz (1.5-10%) (Kasprzyk 1988 (Paszyñski and Kluge 1986) . The xerothermic conditions, prevailing especially on the slopes of gypsum hills with southern and south-western exposure, contribute to the strong heating of soils.
The specific microclimate of the Nida Basin results in vegetation cover that is both unusual for the landscape of Poland and characterized by high biodiversity. Soils on the gypsum hills are covered with xerothermic grass communities, mainly of the Festuco-Brometea class, and also: Sisymbrio-Stipetum capillatae, Potentillo-Stipetum capillatae, KoelerioFestucetum rupicolae, Seslerio-Scorzoneretum purpureae, Thalictro-Salvietum pratensis, AdonidoBrachypodietum pinnati (Medwecka-Kornaoe 1959 , £uszczyñski and £uszczyñska 2009 , Towpasz and Stachurska-Swakoñ 2012 . Also the moss communities, mainly from the family of Potinaceae, occur together with xerothermic grass interwoven within the patches of termophilous hazel scrubs and small oak forests. These communities are usually loosely scattered and form a semi-natural landscapes similar to "park forest" or forest-steppe of the south-eastern Europe (Medwecka-Kornaoe 1959) . Specific climate conditions of the Nida Basin and steppe plant associations caused the preservation of relic thermophilic insects habitats (Flis 1956 ). Xerothermic plant associations have been preserved in places unsuitable for agriculture, mainly on slopes covered with shallow soils, presently protected as nature reserves. However, most of the area of the Nida Basin is occupied by deep and fertile soils, typically used for agriculture.
A brief review of the studies on the gypsic soils in the Nida Basin Gypsum rocks have been the subject of scientific research for over 100 years. These attracted interest due to the need to identify gypsum resources as a raw material for possible exploitation (Flis 1956 , Kwiatkowski 1972b , £yczewska 1972 , Rutkowski 1983 , B¹bel 1987 , Kasprzyk 1988 . Wala (1962) and Barcicki (2004) presented a very detailed lithostratigraphic division of the gypsum series that distinguished the layers repeated throughout the entire Nida Basin area. The Nida Basin has also been the object of interest for naturalists. Many studies have been dedicated to landscape values and the area's unique vegetation (e.g. Cabaj and Nowak 1986 , Drza³ and Kleczkowski 1986 , Nowak 1986 , Bednarz 1987 , Szwagrzyk 1987 , Medwecka-Kornaoe and Kornaoe 1992 . A detailed description of plant communities present in the Skorocice Reserve was provided by Medwecka-Kornaoe (1959) , whereas the role of vegetation in the weathering of gypsum rocks was emphasized by Lelek (2007) . However, the gypsum soils formed in the area under discussion have not been a frequent subject of detailed research. The only major item dealing with these soils was Strzemski's work (1950) . He characterized the rendzinas and gypsum deluvial soils, called "borowiny" near Busko and Wioelica towns, based on the field studies and laboratory analysis. Strzemski (1950) was the first to establish the area of gypsum rendzinas occurrence, which amounts to 3890 ha, as well as these soils classification. He stated that gypsic soils could be both "mixed" rendzinas derived from gypsum and the Pleistocene (glacial or periglacial) deposits, and the "real" gypsic rendzinas that have some admixture of quartz and aluminosilicates resulting from their presence in gypsum rocks, thus possibly being as "pure" as carbonate rendzinas. Strzemski (1950) divided the real gypsic rendzinas according to the gypsum form that was the parent rock: selenite, alabaster and selenite-alabaster rendzinas. Among the latter, he distinguished the rubble rendzinas (usually thin, up to 25 cm) and the fine rendzinas (usually deep, >75 cm). Moreover, Strzemski (1950) introduced a distinction of gypsic rendzinas into the real proper gypsic rendzinas and deluvial gypsic rendzinas ('borowinowe'). Real proper rendzinas were derived in situ from gypsum and their humus horizons were accumulated in situ, whereas in deluvial gypsic rendzinas ('borowinowe rendzinas') the humus horizons were washed away and deposited on the gypsum rocks.
Properties of gypsic rendzinas were also briefly described in the Rendzinas of Poland monograph (Dobrzañski et al. 1987) and by Medwecka-Kornaoe (1959) mentioned in a study of Skorocice Reserve vegetation. KuŸnicki and Sk³odowski (1968) investigated the humus fractions mainly in the carbonate rendzinas, but they showed also the characteristics of gypsic rendzina Nida Basin humus.
A set of papers was written later on by Ciarkowska (1999, 2000, 2001) , Niemyska-£ukaszuk and Ciarkowska (2001) , as well as , who presented the detailed characteristics of Nida Basin gypsic rendzinas with particular attention paid to the mineral composition of the clay fraction, sorption properties, abundance in macronutrients (P, K, Mg), factors determining humus quantity and quality as well as the microstructure of the humus horizons. Ciarkowska (2000) distinguished also the mixed brown and pure rendzinas derived from compact (alabaster) and shale gypsum.
Soils derived from gypsum rocks occur very rarely but they are interesting for soil scientists as they are an uncommon example of the formation of soils with Gypsic rendzinas of Nida Basin (southern Poland): a review a small share of quartz-silicate components (like soils on limestone). Furthermore, the soils are derived from the parent rock, which is one of the most easily weathered, and soluble, thus most of the processes duration taking place in gypsum rocks is comparable with the human time scale (Goryachkin et al. 2003) .
Besides gypsum soils in Nida Basin, soil formed on hard gypsum rocks were described by Goryachkin et al. (2003) in the northern taiga of European Russia. These authors stated that the existence of the soil profile on hard gypsum was only possible in the case when the rate of physical disintegration of gypsum rock was much higher than the rate of its dissolution. In the northern taiga, soils formed on hard gypsum had an acid reaction in organic horizons and a slightly acid reaction in mineral horizons, and were both noncalcareous and calcareous. Calcite in calcareous soils formed on hard gypsum were inherited from the parent rock. and Ciarkowska and Niemyska-£ukaszuk (2004) studied soils derived from gypsum in the Italian Dolomites. They compared gypsic rendzinas from the Nida Basin to those derived from gypsum in Italian Dolomites, finding that the gypsic soils in both regions were similar in texture, pH and soil organic matter (SOM) content, but different in terms of humification process intensity SOM in Italian gypsic rendzinas was more humified and characterized by a higher biological activity than in the gypsic rendzinas of the Nida Basin because of the differing climatic conditions (higher rainfalls and temperature in the Dolomites than in the Nida Basin).
The main aim of the present work was to familiarize the reader with rendzinas derived from gypsum located in the Nida Basin (southern Poland). The characteristic features of these exceptional soils were presented using the literature data as well as unpublished results including the author's own insights and observations.
PROPOSAL OF CLASSIFICATION OF NIDA BASIN GYPSIC RENDZINAS
The classification of the gypsic rendzinas was adapted to the specifics of the rendzinas derived from the gypsum. Gypsic rendzinas included soils containing, at the depth of not more than 50 cm: a) a solid gypsum rock, or b) containing at least 10% of the gypsum skeleton and the gypsiric or calcaric material (sensu IUSS Working Group WRB, 2015), or c) above 50% CaSO 4 ⋅2H 2 O in the earth parts Four types of the gypsic rendzinas were distinguished (Table 1) . English terminology of gypsic (2016) .
MORPHOLOGY AND PROPERTIES OF RENDZINAS DERIVED FROM GYPSUM
The gypsic rendzinas in the Nida Basin were derived from all forms of gypsum including selenite, compact gypsum and shale gypsum. The criteria for abovementioned rendzinas are those most often met in soils derived from selenite. In soils derived from compact and shale gypsum (thus forms that are easily weathered and contain higher amounts of minerals, mainly quartz and clay minerals, other than gypsum), at up to 50 cm of depth, skeletal parts do not occur and in fine earth parts minerals other than gypsum prevail. The form of gypsum influenced soil texture and especially the amount of clay. Selenite soils usually contained less than 15% of clay, whereas rendzinas derived from compact and shale gypsum were heavier with the amount of clay exceeding 15% (Table 2) . Among the gypsic rendzinas, both pure and the mixed were identified. The pure rendzinas were derived from gypsic rock, which contain some admixtures quartz or clay minerals, whereas the mixed rendzinas were formed from gypsum and geologically younger sedimentary rock, usually Pleistocene sand or loess overlying gypsum. The mixed rendzinas can be distinguished from the pure by (i) a change in texture within the soil profile, (ii) accumulation of quartz in topsoil horizons observed in the thin sections and (iii) accumulation of SiO 2 in topsoil horizons.
A common feature of all gypsic rendzinas is very high base saturation exceeding 90% in a majority of profiles, neutral or basic soil reaction (usually pH KCl between 6.7-7.4) and a presence of carbonates including the secondary kind. Another feature of these soils is the black colour (2/1 by Munsell charts) unusual for Polish soils, high content of humus (1.4-12.5%) of soil organic carbon (SOC)) and a low C/N ratio (7.9-10.9) in topsoil or even in deeper horizons, and an extremely well developed and strong crumb structure, stabilized by calcium cations.
Raw rendzinas
Raw rendzinas are shallow soils that can be found in higher parts of steep hill slopes or in rock crevices, cracks or fissures in which plant roots have entered dissolving gypsum (Lelek 2007) . There are pure and mixed rendzinas underlaid by a selenite with big glossy crystals. Humus horizons lying directly on the rock contain a selenite skeleton. In earth parts of pure raw rendzinas, gypsic minerals dominate, which is indicated by a high SO 3 content ( are affected strongly by slope exposure. Soils on the sunny and dry southern slopes are shallower with a much lower amount of the organic matter (below 2% of SOC) than the ones situated on the northern slopes. The northern slopes are comparatively shady, therefore the soils situated there are somewhat deeper, more humid, and have a higher content of organic matter (up to 12.5% of SOC). Raw rocky rendzinas are covered most often with 'feather-grass steppe' (Sisymbrio-Stipetum capillatae). However, gypsum rock appears on the land surface locally between the clusters of grasses and perennial herbs. 
Proper rendzinas
Proper rendzinas can be found on the slopes usually below the raw rocky rendzinas mainly on shale or selenite gypsum. Their profiles are composed of humus horizons, then the transitional or mixed horizons which contain humus and powdered gypsum, underlaid by the unweathered gypsum rock (Table 2 , profiles 3 and 4). Some contain a high amount of organic carbon (SOC) in topsoil horizons that are too thin to meet the criteria of mollic horizons (Table  2 , profile 4). The form of gypsum from which they derived determines the content of rock fragments and carbonate content. Shale gypsum contains more carbonates and is faster disintegrated than selenite thus rendzinas derived from this form of gypsum and contain more carbonates and less skeletal parts, which are strongly weathered and crumbling. Typical proper rendzinas derived from shale gypsum are pure (Table  2 , profile 4), contain small and equal amounts of SiO 2 and high amounts of SO 3 in the whole profile (Table  3 , profile 3). In its top horizon, secondary carbonates in forms of pore incrustations (risolites) occurred as indicated by micromorphological studies . Calcium carbonate accumulation in upper part of profiles resulted mainly from the translocation of soluble bicarbonates in the soil solution and their precipitation (Ferreira et al. 2016) . Some proper rendzinas (Table 2, profile 4) belong to mixed rendzinas. They are slightly gravelly in the top horizon and medium in bottom. In the topsoil horizon, small amounts of carbonates with a high amounts of SiO 2 and Al 2 O 3 resulting from the Pleistocene sand admixture occur (Table 3 , profile 4). Typical proper rendzinas, similarly to raw rendzinas, are usually covered with the 'feather-grass steppe' (Sisymbrio-Stipetum capillatae). These can be found in the Skorocice Reserve under the Seslerio-Scorzoneretum purpureae association (Medwecka-Kornaoe 1959). 
